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INtRODUctION
Commercial fishing is often regarded as a very hard occupation and it is consistently found to be one of the most dangerous occupations with a high rate of severe or fatal occupational accidents and hospitalisation due to different diseases in Denmark [1] [2] [3] and worldwide [4] [5] [6] [7] [8] . However, many safety measures and ergonomic improvements have been developed and applied in Danish occupational fishing in recent years, resulting in a positive development of the physical work environment and a significant reduction of occupational accidents [9] . Still, commercial fishing involves high workloads with frequent manual handling and use of heavy equipment in a wet, slippery and moving environment [10] .
Susceptibility to poor health and accidents among fishermen can be explained by a combination of individual and environmental factors. These risk factors comprise constant movements and vibrations of the vessels, shifting weather conditions and temperatures, long working hours and shift work -factors that may all affect the fishermen's work postures, performance, perceived workload, rest and sleep [11, 12] . These factors may in turn lead to fatigue, a condition that can have a negative effect on fishermen's health and safety. Fatigue is defined as a multidimensional condition causing Line Nørgaard Remmen et al., Fatigue and workload among Danish fishermen reduction in an individual's physical and/or mental capability. The resulting physical, mental and emotional exertion may impair all physical abilities such as strength, reaction time, balance and decision-making [13] . Fatigue reduces awareness and it is therefore especially risky among fishermen because of their unique working environment [12, 14] .
Few studies have investigated fishermen's fatigue. One study has assessed the association between sleep and fatigue [15] , while other studies took several additional risk factors into consideration such as working hours and number of voyages [12, 14, 16] . Fatigue in male fishermen was shown to be frequently on a level that affected their work [14] . We are not aware of studies that have investigated the association between physical workload and the degree of fatigue employing a multidimensional scale of fatigue. Consequently, the absence of such evidence on fatigue in fishermen stresses the need for further research aiming to achieve better understanding of the relation between fatigue and fishermen's health and safety at sea. Such relation may in turn lead to actions that can reduce the adverse impact of fatigue.
The aim of this study is to investigate the association between perceived multidimensional fatigue and physical workload among Danish fishermen.
MATERIALs AND METHODs sTuDy DEsIgN
A cross-sectional study of self-reported exposure and health data among Danish fishermen was conducted between February and April 2015 as part of a project funded by the European Fisheries Fund (J. no. 3301013-k-0264). Out of 2.236 randomly selected active Danish fishermen registered by The Danish AgriFish Agency (NaturErhvervsstyrelsen) who were invited to participate, 637 replied resulting in a response rate of 28%. 367 respondents were excluded due to their current employment status: 346 had retired, 19 were only fishing as a sideline occupation, and two fishermen were excluded due to inadequate questionnaire responses. 270 fishermen were included in the final analysis (Fig. 1) .
The questionnaire contained questions about demographic factors, self-reported occupational and general health data, such as perceived workload, musculoskeletal pain and fatigue [17] . The applied procedures were in accordance with the STROBE statement [18] . Informed consent was obtained from all participants and the study was approved by the Danish data protection Agency (J. no. 2014-41-3245).
MuLTIDIMENsIONAL FATIguE INvENTORy (MFI-20)
The levels of fatigue among the fishermen were assessed using the validated Multidimensional Fatigue Inventory (MFI-20), which consists of 20 items for investigation of fatigue in five different dimensions: general fatigue, physical fatigue, reduced activity, reduced motivation, and mental fatigue. General fatigue includes a general statement concerning a person's experience of tiredness. Physical fatigue Figure 1 . Flowchart of study population refers to the physical experience relating to the feeling of tiredness. The level of activity and the motivation to start any activity are investigated with the scales of reduced activity and reduced motivation, respectively. Finally, mental fatigue covers the feeling of cognitive symptoms such as having concentration problems. Each dimension contained four items for which the fishermen had to indicate on a five-point scale how the particular statement suited their experience. An equal number of items were worded in a positive and a negative way to counteract for response tendencies. A score of four indicated no presence of fatigue, while a score of 20 indicated the highest level of fatigue [19] [20] [21] . A conditional missing imputation was conducted if any answer in these scores was missing. To impute the missing values, the mean value of the remaining questions of the related person was calculated. The final fatigue data for analysis included 261 fishermen (excluded due many missing answers about fatigue = 9). Cronbach's alpha scores were applied as a measure for internal consistency (Table 1 ) [22] . The absence of internal consistency in one of the MFI-20 fatigue dimensions, namely reduced motivation, resulted in its exclusion.
PHysIcAL wORKLOAD
Estimation of the physical workload was based on questionnaire information about seven work postures originating from the FINALE project [23] : standing, pushing and pulling, carrying and lifting, lifting object with hands above the shoulders, with the back bending forwards, twisting and bending, and heavy repeated work with fingers. The degrees of physical workload were evaluated using a six-point scale. For analysis, an additional overall workload-score was developed by summing up the scores from all seven items resulting in a score ranging from 7 to 42. Conditional missing imputation was conducted when up to two questions were missing. Cronbach's alpha was 0.81, which indicates a good internal consistency for the scale [22] .
CO-vARIAbLEs
Work-related differences between skipper and deckhands were investigated. Respondents who did not inform about their occupational group on board (n = 19) were included as deckhands because the working tasks of these are not as clearly defined than those of the skippers. The following types of vessels were recorded: trawlers, Danish seiners, netters, liners, potters, and others (including missing values). Days at sea were categorised as "one day", "two to seven days" and "more than one week", and information about duration of work (years) and fishing as sideline occupation (yes or no) was additionally investigated. Demographic variables included the fishermen's age and education categorised into basic education, skilled worker 
stAtIstIcAL ANALysIs
The associations between fishermen's work characteristics and workload and general fatigue, physical fatigue, reduced activity and mental fatigue were investigated using simple one way ANOVA and multiple linear regressions (Stata ver. 14.0). In the multiple linear regression both confounding and interaction effects were tested. Relevant confounders were age, education, side-line occupation, physical resources, sleep at voyage, professional group, type of vessel, and days at sea. An analysis of the interaction [24] between workload, age and the degree of fatigue demonstrated the absence of any significant interaction (general fatigue p = 0.70, physical fatigue p = 0.11, reduced activity p = 0.17 and mental fatigue p = 0.23). Consequently, stratification by age groups was not required. Model assumptions were graphically tested and fulfilled.
REsuLTs
All 270 Danish fishermen who completed the questionnaire were males. Their mean age was 53 years (SD 13.5), ranging from 17 to 80 years. The average duration of working as a commercial fisherman was 31 years. 64% of the fishermen were skippers and 44% worked on trawlers (Table 2 ). Almost half of the participants worked one day at a time, and a fifth worked continuously more than seven days at a time. 76% of the fishermen were obese or overweight, and 25% had a sideline occupation such as beekeeper or craftsman.
The prevalence of fatigue was investigated through data from MFI-20, with scoring options ranging from 4 to 20, four Table 3 . The average fatigue scores do not differ in between skippers and deckhands. However, differences can be observed according to the vessel type: fishermen sailing with Danish seiners had higher average fatigue scores whereas fishermen on trawlers had lower ones. Furthermore, we identified a trend relating to the temporal extension of fishing. The highest average fatigue scores were found in fishermen who were fishing one day at a time and the lowest when fishing journeys lasted more than seven days at a time. However, none of these differences reached significant levels. The physical workload of the fishermen ranged from 7 to 42 with an average of 24.22 (SD 5.98). The descriptive analysis showed a tendency of the highest degree of fatigue for fishermen who worked more than half of the time in the seven investigated working positions.
The adjusted multiple linear regression analysis showed that the score for physical workload was significantly related to general fatigue (b = 0.20, 95% CI: 0.12-0.28), physical fatigue (b = 0.10, 95% CI: 0.04-0.16) and mental fatigue (b = 0.09, 95% CI: 0.01-0.16), but not to reduced activity (Table 4) . Age, education, side line occupation, physical resources, professional group type of vessel and days at sea were considered as confounder. These results indicate that general fatigue was associated with the fishermen's physical workload but higher physical workload was also significantly associated with higher scores in physical and mental fatigue.
DIscUssION
This cross-sectional study of fatigue in Danish fishermen showed that general fatigue had the highest mean score of all fatigue dimensions. They were found to be lower in average than scores in two cross-sectional studies about fatigue in the general Danish population [19, 21] . Direct comparison is feasible as the same questionnaire (MFI-20) was used in these two surveys. In the cross-sectional study about fatigue in the Danish midlife population, higher mean scores of the fatigue dimensions were; general fatigue 9.6, physical fatigue 9.1, reduced activity 7.9 and mental fatigue 7.7 [19] while the fishermen's fatigue scores in the current study was 9.2, 9.1, 7.6, and 7.2, respectively. Given the descriptions of commercial fishing as being of a particularly physically strenuous nature [10, 12] and the found positive association between work load and fatigue, the slightly lower fatigue scores of Danish fishermen compared to the Danish population is a surprising finding.
The differences in fatigue score seen in different vessel types and days out at sea may reflect automation in the in- dustry. Trawlers are larger in size with more automation and modern equipment compared to smaller vessel types like Danish seiners. Furthermore, more modernisation has taken place in trawlers constructed for longer voyages. Further reasons for these differences can be the extent of shiftwork and working days, and the quality of sleep conditions [12] . An explanation for the lower level of general and physical fatigue found in this study can be structural changes and mechanical assistive technology that have taken place on board fishing vessels during the last few decades. Danish fishery has benefitted from the Danish fishermen's occupational health service as well as by legal regulations of the work environment of the commercial fishing industry [9] . Consequently, the ergonomic work environment on board fishing vessels has changed considerably, and reduced the physical burdens from work. At the same time, the fishermen have improved their working patterns accordingly [9, 25] . Another explanation for the low fatigue scores may be the healthy worker effect, which refers to selection bias causing active workers to be healthier than the rest of the popula-Line Nørgaard Remmen et al., Fatigue and workload among Danish fishermen tion, because those with impaired health are more likely to withdraw or be excluded from the working population [26] . Commercial fishing remains a trade with hard manual work and safety issues need to be noted. Statutory regular health examination may contribute to such selection bias [25] . Future research should address the health of fishermen who have been subject to exclusion from the fishery trade. Such analyses may illustrate the relative role of impaired health risk leading to retirement as fisherman. Another possible reason for work leave in fishermen are quotas and economy, which according to a recent study of Danish Fishermen appears to be the major reason for quitting the occupation [27] . The physical workload is significantly related to general, physical and mental fatigue but the association was weakest with mental fatigue. This suggests that physical workload primarily affects the physical experience of tiredness and fatigue, rather than mental fatigue such as suggested by former studies [11, 12] . Similar results were found in a Swedish national cross-sectional study investigating the association between workload and fatigue by a one-dimensional fatigue scale in a representative national sample of Swedish workers. This study showed that workers with high physical workload had 30% higher risk of fatigue compared to workers with low workload [28] . Our study found tight positive connection between sleep and fatigue which is in accordance with several studies of fatigue [11-15, 19, 21, 28-31] . In our analysis, we used the variable hours of sleep during fishing journeys in the multiple regression models and sleep was identified as a confounder on the association between workload and fatigue scores. None of these other studies investigated the confounding effect of sleep but rather investigated sleep as a predictor of fatigue.
The mental fatigue score in fishermen (mean: 7.6) is very similar to the score for the overall Danish population (mean: 7.7). Mental fatigue in fishermen may be related to the changes that have taken place during recent years such as reduced crew sizes and impaired financial options for many in the trade due to factors such as quotas and options for loans. These characteristics may contribute to increased work pressure and stress, impaired options for sleep and rest, and financial worries. In addition to high job demands and poor general health, all of these are risk factors for mental fatigue [11, 30, 31] . The mental work environment has previously received little attention although a negative development and future needs for change have been described [25, 29] .
MFI-20 is a useful scale for measuring fatigue in the general population or population samples, even though it was originally developed for measuring patient fatigue. The absence of a gold standard for measurement of fatigue challenges comparison of results from different fatigue measurement methods based on both one-and multidimensional scales [12, 21] . Measurement of fatigue by the application of MFI-20 is based on individual external and personal factors irrespective of presence of disease. In contrast to one-dimensional scales, the multidimensional approach of MFI-20 facilitates a characterisation of the individual person [21] . Out of the existing self-reported fatigue scales, MFI-20 represents a scale that is probably the most used in Europe [19] . Despite being based on self-reported data, the scale has been assessed as a valid scale, which does not cause information bias [20, 21] . The different variation of the confounding factors on the levels of the fishermen's fatigue dimensions demonstrates the importance to apply a multidimensional scale for the assessment of the levels of fatigue and for differentiating between the causes and consequences of fatigue. Thus MFI-20 is found to be an applicable tool for assessment of fatigue levels in this sample of fishermen.
The presented findings should, however, be viewed in relation to methodological limitations. By applying a cross-sectional design, one cannot prove the causality of the association between workload and the fishermen's fatigue because the direction of the association is unclear. The low response rate of this study (28%) can bias the estimation of the prevalence and levels of the dimensions of fatigue and the studied risk factors. However, a low response rate is commonly seen in population-based surveys of fishermen. Percin et al. [32] achieved a response rate of 20% of fishermen in the Aegean Sea, while the response rate in a study of Allen et al. [14] of British fishermen was so small that it was not feasible for calculation of response rate. However, a response rate of 65% was achieved in a previous Danish survey about injuries among fishermen [33] . The variation in response rates can be caused by multiple factors. For example, fewer questions are likely to lead to a higher response rate than surveys based on more extensive questionnaires [34] . The questionnaire applied in this study consisted of 93 questions, thus falling within the latter category. However, a recent response analysis on musculoskeletal pain based on the same sample of fishermen revealed the absence of selection bias with regard to outcome [35] . An important limitation derives from the low fatigue score when comparing fishermen with the general population. The previously discussed healthy worker effect may cause fishermen suffering from severe fatigue to leave the trade rather than fishermen who experience low fatigue. The fact that fishermen who remain in active occupation are likely to be healthier and less vulnerable with regard to fatigue may therefore be a cause for bias. This is supported by the association found in the general population between presence of disease and higher level of fatigue [26] . Future longitudinal designs may investigate causal pathways of the association between workload, fatigue and confounding co-variables. There are only few international guidelines for reduction and management of fatigue in the maritime industry [13] , and no national guideline has been found. This shortcoming calls for future initiatives allowing for planning of targeted health promoting and preventive initiatives.
cONcLUsIONs
General fatigue was the dominant fatigue dimension among Danish fishermen but all average fatigue dimensions were lower than those of the general Danish population. We have demonstrated that the fishermen's workload was significantly associated with the level of both physical and mental fatigue, but in particular to general fatigue. It can be thus concluded that heavy physical workload is a significant risk factor for levels of fatigue dimensions. Future longitudinal studies should address the role of structural and legislative changes in fisheries for the development over time of fatigue among fishermen. Such studies can also contribute to explaining causal associations, investigating their consequences and, through better understanding, contribute further to the development and execution of effective health promotion strategies.
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